Abstract
9
Analyses were conducted using a Costech Elemental Analyzer (Costech International 196 S.p.A., Milano, Italy) fitted with a zero-blank auto-sampler coupled via a ConFloIII to 197 a Thermo Finnigan Delta V Plus isotope ratio mass spectrometer (Thermo Scientific, 198 Waltham, MA, USA). Soil C and N stocks were calculated using element 199 concentrations and bulk density data for all sites. 200
201
Leaves at maximum tillering stage and aboveground plant biomass at maturity stage 202 were sampled from 36 paired sites (at some sites rice was not planted as foreseen due 203 to a severe drought) with three replicates from each site used for analysis of 15 N 204 natural abundance using a CN analyser coupled to a mass spectrometer (see above). (Table S1 ). The site consists of the two production systems (Paddy 213 and GCRPS) and two N fertilizer application rates (0, 150 kg N ha -1 ) in three-fold 214 replication. All 12 subplots (8.5 m × 9.5 m) were arranged in a complete randomized 215 block design. Root biomass was quantified for three replicate cores in each of the 216 subplots. For this purpose, soil columns (40 cm height and 15 cm diameter) were 217 collected at the maximum tillering stage using stainless steel cylinders. The soil 218 column was separated into depth intervals of 0-10, 10-20 and 20-40 cm. Soil samples 219 were placed in mesh bags and set in a water stream to remove soil particles and then 220 cleaned by tap water on a 0.2 mm mesh. Cleaned root samples in different soil depths 221 were transferred into small envelopes and oven-dried at 75°C for 24 h. 222
223
Potential soil C mineralization rates from all 49 paired Paddy and GCRPS sites were 224 determined using a laboratory incubation assay. Three soil samples with a volume of 225 20 cm × 10 cm × 20 cm (depth) were sampled at each site using a spade. Samples 226 were composited and air dried. Three replicates with 30 g of soils were incubated for 227 200 days at 25°C at 60% soil water-holding capacity in 150 ml bottles. CO2 fluxes 228
were measured daily for the first 10 days, then every three days for the following 229 three weeks and then every 1-2 weeks afterwards. The gas measurement period was 230 from 5 min to 4 hours depending on CO2 flux rates. For flux measurements, the jars 231 were closed gas-tight and CO2 headspace concentrations were measured with a non-232 dispersive infrared sensor (Premier, Dynament, United Kingdom) at 10-second 233 intervals. CO2 fluxes were calculated from concentration changes with time, 234 considering headspace volume, temperature and air pressure. Total cumulative 235 emissions were obtained by summing the measured daily fluxes using trapezoidal 236 integration assuming a linear change in flux between measurements. 237
238
Organic matter (OM) fractions were physically separated before and after incubation 239 using a slightly modified procedure to that described in Zimmermann et al. (2007) . 240
Briefly, 30 grams of dried soil (<2 mm) were added to 161 mL water and dispersed by 241 means of a calibrated ultrasonic probe (Labsonic 2000, B Braun, Melsungen, 242
Germany) using a light output energy (22 J ml -1 ). The dispersed suspension was then 243 wet sieved over a 53 µm mesh size until achievement of clear rinsing water. The 244 fraction > 53 µm was dried at 40°C and weighed. This fraction contained sand-size 245 (Light fraction, LF). These two fractions were separated using the procedure for 247 recovery of organic matter from soils using static dense media as described in Wurster 248 et al. (2010) . The dried fraction >53 µm was stirred in a water:sodium polytungstate 249 solution with a density of 1.87 g cm -3 . The mixture was centrifuged at 1000 g for 15 250
min, and allowed to settle overnight prior to freezing. The LF was subsequently 251 decanted and both fractions were then washed with deionized water, dried at 40°C and 252
weighed. The solution <53 µm (silt and clay) was filtered through a 0.45 µm 253 membrane filter and the material retained in the membrane (s+c) was then dried at 254 40°C and weighed. An aliquot of the filtrate was frozen to determine the amount of 255 dissolved organic carbon (DOC) using a C/N liquid analyser (Multi N/C 3100 256 Anaytik Jena, Jena, Germany 
Results

280
Average SOC concentrations and stocks were higher in GCRPS than in Paddy for 281 each soil depth interval except for the top layer (0-20 cm; Fig. 1a , c; see Table S4 for 282 details). Similarly, total N concentrations and stocks over the 1m profile also tended 283 to be larger in GCRPS than in Paddy, although significant differences were only 284 observed in the 20-40 cm depth interval ( Fig. 1b, d ; Table S4 ). There were no 285 detectable differences in soil texture (Fig. 2a , b, c; Table S4 ), pH or mineral N content 286 Table S4 ) between GCRPS and Paddy for any soil depth interval. Soil bulk 287 density ( Fig. 2d ; Table S4 ) tended to be lower in GCRPS than in Paddy over the 1m 288 soil profile, although significant differences were only found in the 20-40 cm depth 289 interval (P<0.0001). 290 291 Mean C and N assimilation rates in aboveground biomass at maturity were higher in 292 GCRPS than in Paddy ( Fig. 3 ; P<0.0001, =0.0002 for C and N). Root biomass from 293 the one selected site was significantly affected by production system, but not by N 294 fertilizer rates or by the interaction of production system and N fertilization ( Fig. 4 ; 295 Table S4 ). Pooled over the two N fertilizer rates, the root biomass at maximum 296 tillering stage was significantly greater in GCRPS than in Paddy for all depth intervals 297 down to 40 cm depth (Fig. 4) . 298 299 Potential C mineralization rates did not differ between GCRPS and Paddy (data not 300 shown), although Paddy soils showed a tendency towards higher cumulative C loss 301 compared to GCRPS over the 200-day incubation period (Fig. 5) . For the GCRPS, the 302 SOC contents of the various fractions were similar before and after the incubation 303 experiment (Fig. 6 ). However for the Paddy treatment, the amount of SOC in the 304 14 heavy fraction was significantly lower after incubation compared to before the 305 incubation (P <0.05). No differences were found in the s+c, LF and DOC fractions 306 before and after the incubation (Fig. 6) . 307 308 Mean soil δ 15 N signatures were lower in GCRPS than in Paddy at each depth interval 309 ( Fig. 7a ; Table S4 ). The average δ 15 N signature in plant leaves was also lower (P< 310 0.0001) in GCRPS compared to Paddy at maximum tillering stage ( Table S4 ) and storage ( Fig. 1c ; Table S4 ) after 328 5 years since the time of conversion. We were able to identify two main processes that 329 contributed to the positive effect of GCRPS on SOC stocks. higher OM inputs resultant from enhanced above and belowground biomass 368 production, as higher OM input rates are known to promote stable micro and 369 mesoaggregates (Six et al., 2004) . However, we did not observe significant 370 differences between both systems in the physically protected fractions for the topmost 371 soil layer (Fig. 6) . It is likely though, that aggregation and/or stabilisation might 372 become more relevant at deeper locations where the differences in SOC 373 concentrations were greater. Indeed, the strong anaerobiosis and stabilisation 374 conditions prevailing at depth would likely promote OM accumulation below the 375 hardpan, as we found in our study ( were larger in GCRPS than in paddy fields over the 1m soil profile. However,In addition, we observed δ 15 N enrichment in paddy soils for all soil depths (Fig. 7a) , 386 which was also reflected in the plant biomass (Fig. 7b) . Bulk soil δ 15 N is a combined 387 signal for organic and mineral N compounds and may be affected by (1) Ln N content
